Si 3 N 4 is an excellent material for applications of nanophotonics at visible wavelengths due to its wide bandgap and moderately large refractive index (n ≈ 2.0). We present the 
focused on visible nanophotonic devices with integrated diamond color centers due to their photostability and room temperature operation. Additional emphasis is placed on the NitrogenVacancy (NV) center as an active element since it possesses both spin [1] [2] [3] [4] and photon [5] [6] [7] quantum bits that can be optically initialized and read-out. Recent developments, such as diamond nanowire antennas fabricated from bulk diamond samples 7-8 , plasmon-enhanced antennas 9 , and optical microcavities in other semiconductor material systems [10] [11] [12] [13] [14] coupled to proximal diamond nanocrystals, have shown that it is possible to engineer the optical properties (e.g. collection efficiency, single photon generation rate) of a single NV center. An alternative, noteworthy system that has been shown to theoretically approach the strong-coupling regime of cavity quantum electrodynamics (cQED) is based on coupling the zero-phonon line emission (637 nm)
to a high quality factor (Q ~ 10 5 ) silicon nitride (SiN x ) nanobeam cavity 15 . Towards this end, we report in this paper on the fabrication and characterization of a high Q-factor nanobeam photonic crystal (PhC) cavity in an air-bridge Si 3 N 4 structure. Devices are demonstrated with quality factor Q ~ 55,000, which is an order of magnitude higher than previously reported at visible wavelengths [16] [17] [18] [19] [20] and approaches the regime necessary for such cQED studies.
In a nanobeam PhC cavity, optical confinement is provided by photonic crystal mirrors along the waveguide dimension and by total internal reflection in the other two transverse dimensions.
The cavity design for the devices studied in this work was optimized for a 200 nm thick stoichiometric Si 3 N 4 device layer (n = 2.0). The nanobeam was 300 nm wide and was patterned with a one dimensional photonic crystal lattice of circular holes with periodicity a = 250 nm and radius r = 70 nm, and the spacing between photonic mirrors was chosen to generate a cavity resonance at 637 nm. In order to minimize light scattering outside the cavity, the PhC hole mirror was adiabatically tapered 15, [21] [22] [23] by linearly reducing the PhC hole spacing from a = 250 nm and 3 hole size r = 70 nm in the mirror to a 0 = 205 nm and r 1 = 55 nm at the cavity center. Figure 1a shows the cavity mode profile for this 4-hole taper cavity, whose theoretical quality factor Q = 230,000 and mode volume V m = 0.55 (λ/n) 3 . The cavity Q factor is highly sensitive to the cavity length, defined as the center-to-center distance of the two central holes, and varies by two orders of magnitude over a 15 nm range.
A high-stress, low-pressure chemical vapor deposition ( A home-built micro-photoluminescence (µPL) system was used to characterize the low-level, intrinsic fluorescence of the devices. The nanobeam photonic crystals were pumped with ~500 μW of a 532 nm CW laser (Coherent Compass, 315M) using a 100X, 0.95 NA objective.
Increasing the pump beam power beyond 500 μW led to higher background fluorescence levels and also damaged the cavities in some cases, potentially due to lack of heat dissipation in the 1D to generate an image of the sample and optically address individual nanobeam devices (Fig. 2b) .
The second arm of the beam splitter was connected to a spectrometer (Jobin Yvon, iHR 550) in order to identify resonant features in the fluorescence.
The photoluminescence spectrum of a typical device is shown in Figure 3a . A low-resolution (~150lines/mm) grating was used for initial characterization of the device and resulted in artificial broadening of the feature. Still, the high sensitivity of this measurement to the low light levels emitted from the device (~40,000 total photon counts per second) allowed us to confirm the dipole character of the cavity resonance via measurements of its spectrum as a linear 5 polarizer was rotated in the collection path of the setup. High transmission of the cavity signal was observed when the analyzer was parallel to the cavity dipole (Fig. 3a, black) and extinction was observed for the orthogonal direction (Fig. 3a, purple) . Moreover, the cavity signal was observed to vanish when taking photoluminescence spectra several spot sizes ~1-2 μm away from the cavity center (Fig. 3a, green) . This demonstrates the sensitivity of the cavity resonance to the excitation location, which is expected due to the small mode volume design of the cavity.
Once the resonant feature was identified, we then switched to a high-resolution grating (~1800 lines/mm) in order to identify the cavity Quality factor (Q). Devices were routinely observed with Q > 10 4 , though with some variation due to fabrication tolerances. The best device that we observed ( Fig. 3b ) possessed a quality factor Q ~5.5 x 10 4 , which represents a record for SiN x photonic crystal cavities operating at visible wavelengths. Some devices demonstrated even narrower resonances (data not shown), but with few (< 3) points so that the cavity Q factor is difficult to infer from a Lorentzian fit. Finally, we scaled the nanobeam device parameters at a fixed value of r/a in order to shift the resonant wavelength [27] [28] . Figure 4 shows good agreement between simulated and measured device wavelengths for cavities with (-2, +2, +5, +10)% scaling. In the future, this could technique could provide a coarse tuning mechanism for coupling to emitters with narrow emission lines.
In this work we have presented the design, fabrication, and characterization of silicon nitride nanobeam cavities at visible wavelengths. By utilizing a 4-hole taper design, devices with Q ~55,000 and approaching 10 5 were observed using µPL measurements. An important observation was the difficulty in characterizing cavities with an ultra-high Q factor, which is consistent with our previous results obtained using Si cavities and a resonant scattering setup 29 . Additional characterization of the devices, for example based on a fiber-taper probe or a resonant scattering 6 with a tunable laser system, such as those used elsewhere 30 , could allow for the observation of even higher-Q modes. Moreover, the introduction of light emitters such as diamond color centers will allow us to investigate cQED phenomena. 
Figure Captions

